Land surface air temperature is one of the fundamental variables in weather and climate observations, modeling, and applications. Its monthly mean has been computed as the average of daily maximum and minimum temperatures [Jones et al., 1999] . This is different from the true monthly mean temperature, which is defined as the integral of the continuous temperature measurements in a month divided by the integration period and can be very accurately represented using hourly data, as has long been recognized [e.g., Brooks, 1921] . We argue, from scientific, technological, and historical perspectives, that it is time to compute the true monthly mean using hourly data for the national and international climate data record.
In general, temperature represents the thermodynamic state of a physical body, and its value is determined by the direction of the net flow of heat between two bodies [Wylie and Lalas, 1992] . For meteorological and climatological applications, air temperature is defined as "the temperature indicated by a thermometer exposed to the air in a place sheltered from direct solar radiation" [Wylie and Lalas, 1992] . Instruments that could reliably measure air temperature had been developed by the late seventeenth century, and D. G. Fahrenheit invented the mercury thermometer in 1714 [Peterson and Vose, 1997] . The widely used global air temperature record started from the midnineteenth century [e.g., Trenberth et al., 2007] .
Temperature is measured by thermometers that can be classified into six types according to their construction [American Meteorological Society, 2000] . Historically, the liquid-in-glass thermometer (such as the mercury thermometer) was widely used. In particular, maximum and minimum thermometers were used to measure the daily maximum and minimum temperatures because of the importance of these temperatures and the convenience for human observers to read and record them. Furthermore, the values of the maximum and minimum temperatures are insensitive to the exact reading time. Therefore, it was convenient in the past to compute monthly mean using daily maximum and minimum temperatures.
Technologically, there has been a major shift in the past few decades in temperature measurements, from mechanical thermometers requiring human readings to automated electrical thermometers. These electrical thermometers are in widespread use now because they provide an output signal suitable for use in remote indication, recording, storage, and transmission of temperature data. For instance, the Automated Surface Observing System has been deployed by the National Weather Service in the United States since 1991. Because of the steady decrease in the price of electronic products (including electrical thermometers), even most consumers use digital thermometers in continuous temperature monitoring.
Even though hourly temperature data have become available, the official national and international climate record of monthly mean temperature is still based on daily maximum and minimum temperatures. It is time to use the true mean temperature based on hourly observations for the climate record for several scientific reasons.
First, while the maximum and minimum temperatures under a clear-sky condition over midlatitudes usually occur in the early afternoon and the early morning, respectively, the timing of the occurrences can be widespread under other conditions. Therefore, while daily maximum and minimum temperatures still have a clear physical meaning, their monthly mean (i.e., the average of values at different times of each day) is difficult to interpret physically.
Second, even for the clear-sky condition, the average of daily maximum and minimum temperatures is different from the 24-hour average because the daytime warming is driven by solar radiation, while the quasi-linear decrease of nighttime temperature is related to longwave radiative cooling. Because this difference depends on the geographic location and specific land-atmosphere state, the seasonal, interannual, and decadal variations as well as the long-term trend of the monthly mean and true monthly mean are also different. Furthermore, because the timing of maximum and minimum temperatures varies from day to day, the difference of the monthly mean maximum and minimum temperatures, i.e., the diurnal temperature range (DTR), is larger than the amplitude of the monthly averaged hourly temperature diurnal cycle. Because regional and global climate change has been presented based on monthly means using daily maximum and minimum temperatures [e.g., Trenberth et al., 2007] , it remains to be seen how those conclusions will be quantitatively and qualitatively affected if hourly data are used.
Just like all other meteorological quantities, there could be significant spatial heterogeneities in daily maximum and minimum temperatures (and hence in monthly mean temperature) due to a variety of geographic (e.g., elevation) and transient (e.g., cloud cover) factors. In contrast, transient factors would not affect the true monthly mean using hourly data as much. Therefore, the monthly mean might exaggerate the spatial heterogeneities compared with the true monthly mean.
Because of the possible confusion of modelers about monthly mean versus true monthly mean, it is unclear which climate models compute monthly mean and which models compute true monthly mean in the comparison with the observed monthly mean (e.g., for the Intergovernmental Panel on Climate Change studies). In fact, such information is rarely mentioned in model documents or publications.
Therefore, the monthly mean based on daily maximum and minimum temperatures has served, but has finished, its historical role, and scientists should move on to using the true monthly mean in observations and model output. This requires the revision of guidelines from national weather and climate centers and World Meteorological Organization.
There are also several implications for the observational and modeling communities. First, hourly observational data available at various sites worldwide should be used to quantify the spatial and temporal variations of the differences between the true monthly mean and the monthly mean. Second, because historical data do not include hourly temperature, efforts are needed in developing such historical hourly air temperature data. Modelers also need to explicitly mention how their monthly mean is computed. Note that while the temporal averaging is emphasized here, there is a related issue of areal averaging of air temperature (e.g., how to approximate weight across unequal areas and differing elevations) that has received considerably more attention [e.g., Hansen et al., 2010] .
